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PREFACE 

A studd was performed t o  demonstrate the validity of 

deter mi'^^ the modal properties of the Saturn IB/S-NB 

dynamicb vehicle for any prppellwt loading given only 

a set  ok empty vehicle modea. The empty (lo$ burn 

tinre ) mbdes were c a ~ ~ u l a t y i  by the ilyfie8t.d begm 

vibratibn method. Matrix slgebra was employed t o  

add the j f u l l  propellsnt loaa (6 burn time ) t o  the 

lOO$ b&n time elas t ic  and r i a i d  body mode.. The 

uncoupled gross vehicle modes were then calculated. 

This me%hod of obtaining data produced a reasonable 

amount of accuracy i n  the f i r s t  two modes. The 

accuracy of the third mode was poor aJld of limited 

value. 





Dynamics Vehicfle. A 4 e t  of 1- burn t%m (empty) moUes were waabrw I 
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to O$ burn t i x &  (iully loaded) modes. 
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ion program inaludeer 

s .  The first three 

and 45.581 cps . !@e 

2 modal masses were 88456, 44.48, and 56.72 l b  sec / i n  for the first three 
I 

are canWin+ in - 

hapes are  repeated below in abbreeated form. 
I 

Thus, the tranaforma.tlion matrix, TlO0, describes the deflectfan of the 

vehicle sections '1 4 2  and al-32' i n  terns of the first three bending 

- 'a 
. . 

2.2 O$ Burn Time !Vehicle Inert ia  ~harac%eri.stice 
I I 

The sectional w s  cfjgracteristic a% O$ burn t h e  can be s h m  i n  matru 

form. 
i 
I 

I 



( ib 1, repraaenta the ~nte~rnt~d'mam. mtrlx, The manigulstfon, Tl&, LOO B 

[Go], of the burn Pime vehicle in term of the 10M burn time force. ax@' 

coordiaates. t 

' I 
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. - . . , , 'I U i e =  - 1 1 -- p 
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2.4 1~0$ Burn T i y e  vehicle Elastic Ckarcacterf s t i c r  

The equations of the!epring forces a t  10Qj burn time are shown in 
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tim maes. me mjuitlts or these operation shall  bncciortb be =tar&. . . , ,,? e -.*.. - -= s 

: , . . * . , I  i' h 
to as "calculated"dt6~. . , , . % - ; .  . ,  -- G 

, . ' : -,'7'.. 

beam vibration deth& f61? the C$ burn t imc vehlcl=. 'Fhe~a.  Rwts . .- shif%-s _ , .  .. r'. , ,  , 
- . . 

" * 

hencelor%h be referrid to ru, "~etual" data. 4.7. 

' ,. ! , . . . * 
m a ,  the aetkk .ha ioairnl~tea meulte aiw& in that the ccbus~ , . +tp; * 

' r  ' , 

~~mputed directly imm stifiheas and inertial data; the c k c u b t e d  .' ': ' *  

. - 
1 

r p s l l ~ t s  wer~ conmute& f r a  a s e t  of n&#a at lw burn Cia%%'. At%y &rrb&: 

1 . . . . 
100% miles into Ogb m&s. 

* 1 .- . . 77 

lac modal aefieetions 'for the first +bee mdcs uc picsenkd . .  figbe4 -:. -- W F , ]  

1 - 3 respctivelp. hquencice for the first threc.bob b e ~ i n g  l~&i  # i< 

- .-;gsd 
*-*J-: 

are presented in Tablo- 1. Wd&l laawn for the ftbt throa binding ,,.. - 
. ;3:! - 8 modes are presented in- Table 2. , ' .  ,-  



EL- 

, , 

. . . . 

Is t Body Bending 

- 





FR
EE

-F
RE

E 
BO

DY
 B

EN
DI

M
G 

DE
FL

EC
TI

O
NS

 
SA

TU
RN

 S
-IV

B/
fB

 A
T 

OX
 B

UR
N 

TI
M

E 
NO

RM
AL

IZ
ED

 TO
 G

iM
eA

L 
PO

IN
T 

AT
 S

TA
TI

ON
 la

 
EN

GI
NE

 M
AS

S 
AN

D 
SL

OS
Ht

NG
 M

AS
SE

S 
RE

MO
VE

 V 





FIGURE 3 - 



A-1 ~rcmeformatk~a Matrix Relati- Sectioml Bflectiane in Te 

w v  - - - 
NO. Column 1 , COZURU~ 2 colwarr 3 COLUM~ 4 

1 +.l29000 +1' +.152543 +1 +.I70259 +1 +.100000 +1 

2 - .289990 -2 , -. 525500 -2 -, 7026SO -2 +. 100000 +1 

Column ) 5 
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